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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application No. 62/115,532, entitled, "EN-
HANCING NETWORK OPERATION WITH UE CON-
TEXT AWARENESS," filed on February 12, 2015, and
U.S. Utility Patent Application No. 14/865,941, entitled,
"ENHANCING NETWORK OPERATION WITH UE
CONTEXT AWARENESS", filed on September 25, 2015.

BACKGROUND
Field

[0002] Aspects of the present disclosure relate gener-
ally to wireless communication systems, and more par-
ticularly, to enhancing network operation with user equip-
ment (UE) context awareness information.

Background

[0003] Wireless communication networks are widely
deployed to provide various communication services
such as voice, video, packet data, messaging, broadcast,
and the like. These wireless networks may be multiple-
access networks capable of supporting multiple users by
sharing the available network resources. Such networks,
which are usually multiple access networks, support
communications for multiple users by sharing the avail-
able network resources. One example of such a network
is the Universal Terrestrial Radio Access Network
(UTRAN). The UTRAN is the radio access network (RAN)
defined as a part of the Universal Mobile Telecommuni-
cations System (UMTS), a third generation (3G) mobile
phone technology supported by the 3rd Generation Part-
nership Project (3GPP). Examples of multiple-access
network formats include Code Division Multiple Access
(CDMA) networks, Time Division Multiple Access (TD-
MA) networks, Frequency Division Multiple Access (FD-
MA) networks, Orthogonal FDMA (OFDMA) networks,
and Single-Carrier FDMA (SC-FDMA) networks.

[0004] Awireless communication network may include
a number of base stations or node Bs that can support
communication for a number of user equipments (UEs).
A UE may communicate with a base station via downlink
and uplink. The downlink (or forward link) refers to the
communication link from the base station to the UE, and
the uplink (or reverse link) refers to the communication
link from the UE to the base station.

[0005] A base station may transmit data and control
information on the downlink to a UE and/or may receive
data and control information on the uplink from the UE.
On the downlink, a transmission from the base station
may encounter interference due to transmissions from
neighbor base stations or from other wireless radio fre-
quency (RF) transmitters. On the uplink, a transmission
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from the UE may encounter interference from uplink
transmissions of other UEs communicating with the
neighbor base stations or from other wireless RF trans-
mitters. This interference may degrade performance on
both the downlink and uplink.

[0006] As the demand for mobile broadband access
continuestoincrease, the possibilities ofinterference and
congested networks grows with more UEs accessing the
long-range wireless communication networks and more
short-range wireless systems being deployed in commu-
nities. Research and development continue to advance
wireless technologies not only to meet the growing de-
mand for mobile broadband access, but to advance and
enhance the user experience with mobile communica-
tions.

[0007] WO 2011/018104 A1 relates to self-organizing
network related power capacity status reporting. A
threshold value is set and provided for distribution to com-
munication terminals, wherein the threshold value is re-
lated to a relative value concerning the availability of re-
maining power at a communication terminal. Eventually,
ameasurement report of those communication terminals
is commanded, which have reported a relative value con-
cerning the availability of remaining power above the
threshold value.

[0008] The document "On device management as-
pects of minimization of drive tests and SON" (3GPP
Draft S5-093139) is a text proposal for the TR on UE
management over Itf-N.

[0009] WO 2011/109375 A1 discloses an apparatus
and method for reporting battery information.

[0010] US2004/180701 A1discloses amethod for bat-
tery conservation in a wireless communication system.

[0011] WO 2008/087535 A2 discloses a local data-
base that indicates measurement report status of a plu-
rality of user equipments which is dynamically updated
based on the received measurement reports, and a re-
quest for a next measurement report is restricted to a
limited number of the UEs based on the updated meas-
urement report status.

[0012] The invention is definded in the ndependent
claims.

SUMMARY

[0013] The invention is set out in the appended set of

claims. The embodiments and/or aspects of the following
description which are not covered by the appended
claims are considered as not being part of the present
invention.

[0014] In one aspect of the disclosure, a method of
wireless communication includes receiving, at a UE, a
set of conditions that trigger the UE to transmit a status
report to a serving base station, wherein the set of con-
ditions includes at least one non-cellular UE condition,
detecting, by the UE, one or more of the set of conditions,
obtaining, by the UE, reporting information for the status
report, wherein the reporting information includes one or
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more of: non-cellular UE information and cellular UE in-
formation, and transmitting, by the UE, the status report
to the serving base station. The method further includes
receiving, at the UE, one or more information requests
from the serving base station for network management
information and transmitting, by the UE, a measurement
report including the network management information
obtained in response to the one or more information re-
quests.

[0015] Inanadditionalaspectofthedisclosure,a meth-
od of wireless communication, includes transmitting, by
a base station, a set of conditions that trigger a UE to
transmit a status report to the base station, wherein the
set of conditions includes at least one non-cellular UE
condition, receiving, by the base station, the status report
from the UE, wherein the status report includes one or
more of: non-cellular UE information and cellular UE in-
formation, and determining, by the base station, whether
to select the UE for one or more network management
tasks for network condition management based on the
status report.

[0016] In an additional aspect of the disclosure, an ap-
paratus configured for wireless communication, includes
means for receiving, at a UE, a set of conditions that
trigger the UE to transmit a status report to a serving
base station, wherein the set of conditions includes at
least one non-cellular UE condition, means for detecting,
by the UE, one or more of the set of conditions, means
for obtaining, by the UE, reporting information for the sta-
tus report, wherein the reporting information includes one
or more of: non-cellular UE information and cellular UE
information, and means for transmitting, by the UE, the
status report to the serving base station. The apparatus
further includes means for receiving, at the UE, one or
more information requests from the serving base station
for network management information and means for
transmitting, by the UE, a measurement report including
the network management information obtained in re-
sponse to the one or more information requests.

[0017] In an additional aspect of the disclosure, an ap-
paratus configured for wireless communication, includes
means for transmitting, by a base station, a set of con-
ditions that trigger a UE to transmit a status report to the
base station, wherein the set of conditions includes at
least one non-cellular UE condition, means for receiving,
by the base station, the status report from the UE, where-
in the status report includes one or more of: non-cellular
UE information and cellular UE information, and means
for determining, by the base station, whether to select
the UE for one or more network management tasks for
network condition management based on the status re-
port.

[0018] Inan additional aspect of the disclosure, a non-
transitory computer readable medium includes program
code recorded thereon. The program code includes code
to receive, at a UE, a set of conditions that trigger the UE
to transmit a status report to a serving base station,
wherein the set of conditions includes at least one non-
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cellular UE condition, code to detect, by the UE, one or
more of the set of conditions, code to obtain, by the UE,
reporting information for the status report, wherein the
reporting information includes one or more of: non-cel-
lular UE information and cellular UE information, and
code to transmit, by the UE, the status report to the serv-
ing base station. The program code furtherincludes code
to receive, at the UE, one or more information requests
from the serving base station for network management
information and code to transmit, by the UE, a measure-
ment report including the network management informa-
tion obtained in response to the one or more information
requests.

[0019] In an additional aspect of the disclosure, a non-
transitory computer readable medium includes program
code recorded thereon. The program code includes code
to transmit, by a base station, a set of conditions that
trigger a UE to transmit a status report to the base station,
wherein the set of conditions includes at least one non-
cellular UE condition, code to receive, by the base station,
the status report from the UE, wherein the status report
includes one or more of: non-cellular UE information and
cellular UE information, and code to determine, by the
base station, whether to select the UE for one or more
network management tasks for network condition man-
agement based on the status report.

[0020] Inan additional aspect of the disclosure, an ap-
paratus configured for wireless communication includes
atleast one processor and a memory coupled to the proc-
essor. The atleastone processoris configured toreceive,
at a UE, a set of conditions that trigger the UE to transmit
a status report to a serving base station, wherein the set
of conditions includes at least one non-cellular UE con-
dition, to detect, by the UE, one or more of the set of
conditions, to obtain, by the UE, reporting information for
the status report, wherein the reporting information in-
cludes one or more of: non-cellular UE information and
cellular UE information, and to transmit, by the UE, the
status report to the serving base station. The apparatus
further includes configuration of the processor to receive,
at the UE, one or more information requests from the
serving base station for network management informa-
tion and to transmit, by the UE, a measurement report
including the network management information obtained
in response to the one or more information requests.
[0021] Inan additional aspect of the disclosure, an ap-
paratus configured for wireless communication includes
atleast one processor and a memory coupled to the proc-
essor. The at least one processor is configured to trans-
mit, by a base station, a set of conditions that trigger a
UE to transmit a status report to the base station, wherein
the set of conditions includes at least one non-cellular
UE condition, to receive, by the base station, the status
report from the UE, wherein the status report includes
one or more of: non-cellular UE information and cellular
UE information, and to determine, by the base station,
whether to select the UE for one or more network man-
agementtasks for network condition management based



5 EP 3 257 291 B1 6

on the status report.
BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1 is a block diagram illustrating an example of
a mobile communication system.

FIG. 2 is a block diagram illustrating a design of a
base station/eNB and a UE configured according to
one aspect of the present disclosure.

FIGs. 3A and 3B are block diagrams illustrating ex-
ample blocks executed to implement aspects of the
present disclosure.

FIGs. 4A and 4B are call flow diagrams illustrating
communications between a UE and a serving base
station each configured according to an aspect of
the present disclosure.

FIG. 5 is a block diagram illustrating a UE and eNBs
configured according to one aspect of the present
disclosure.

FIG. 6A is a block diagram illustrating a UE config-
ured according to one aspect of the present disclo-
sure.

FIG. 6B is a block diagram illustrating an eNB con-
figured according to one aspect of the present dis-
closure.

DETAILED DESCRIPTION

[0023] The detailed description set forth below, in con-
nection with the appended drawings, is intended as a
description of various configurations and is not intended
to limit the scope of the disclosure. Rather, the detailed
description includes specific details for the purpose of
providing a thorough understanding of the inventive sub-
ject matter. It will be apparent to those skilled in the art
that these specific details are not required in every case
and that, in some instances, well-known structures and
components are shown in block diagram form for clarity
of presentation.

[0024] The techniques described herein may be used
for various wireless communication networks such as
CDMA, TDMA, FDMA, OFDMA, SC-FDMA and other
networks. The terms "network" and "system" are often
used interchangeably. A CDMA network may implement
a radio technology, such as Universal Terrestrial Radio
Access (UTRA), Telecommunications Industry Associa-
tion’s (TIA’s) CDMA2000®, and the like. The UTRA tech-
nology includes Wideband CDMA (WCDMA) and other
variants of CDMA. The CDMA2000® technology in-
cludes the 1S-2000, 1S-95 and 1S-856 standards from the
Electronics Industry Alliance (EIA) and TIA. A TDMA net-
work may implement a radio technology, such as Global
System for Mobile Communications (GSM). An OFDMA
network may implement a radio technology, such as
Evolved UTRA (E-UTRA), Ultra Mobile Broadband
(UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
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IEEE 802.20, Flash-OFDMA, and the like. The UTRA
and E-UTRA technologies are part of Universal Mobile
Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) are newer
releases of the UMTS that use E-UTRA. UTRA, E-UTRA,
UMTS, LTE, LTE-A and GSM are described in docu-
ments from an organization called the "3rd Generation
Partnership Project" (3GPP). CDMA2000® and UMB are
described in documents from an organization called the
"3rd Generation Partnership Project 2" (3GPP2). The
techniques described herein may be used for the wireless
networks and radio access technologies mentioned
above, as well as other wireless networks and radio ac-
cesstechnologies. For clarity, certain aspects of the tech-
niques are described below for LTE or LTE-A (together
referred to in the alternative as "LTE/-A") and use such
LTE/-A terminology in much of the description below.
[0025] FIG. 1 shows a wireless network 100 for com-
munication, which may be an LTE-A network. The wire-
less network 100 includes a number of evolved node Bs
(eNBs) 110 and other network entities. An eNB may be
a station that communicates with the UEs and may also
be referred to as a base station, a node B, an access
point, and the like. Each eNB 110 may provide commu-
nication coverage for a particular geographic area. In
3GPP, the term "cell" can refer to this particular geo-
graphic coverage area of an eNB and/or an eNB subsys-
tem serving the coverage area, depending on the context
in which the term is used.

[0026] An eNB may provide communication coverage
for a macro cell, a pico cell, a femto cell, and/or other
types of cell. A macro cell generally covers a relatively
large geographic area (e.g., several kilometers in radius)
and may allow unrestricted access by UEs with service
subscriptions with the network provider. A pico cell would
generally cover a relatively smaller geographic area and
may allow unrestricted access by UEs with service sub-
scriptions with the network provider. A femto cell would
also generally cover a relatively small geographic area
(e.g., a home) and, in addition to unrestricted access,
may also provide restricted access by UEs having an
association with the femto cell (e.g., UEs in a closed sub-
scriber group (CSG), UEs for users in the home, and the
like). An eNB for a macro cell may be referred to as a
macro eNB. An eNB for a pico cell may be referred to as
apico eNB. And, an eNB for a femto cell may be referred
to as afemto eNB or a home eNB. In the example shown
inFIG. 1,theeNBs 110a, 110b and 110c are macro eNBs
for the macro cells 102a, 102b and 102c, respectively.
The eNB 110x is a pico eNB for a pico cell 102x. And,
the eNBs 110y and 110z are femto eNBs for the femto
cells 102y and 102z, respectively. An eNB may support
one or multiple (e.g., two, three, four, and the like) cells.
[0027] The wireless network 100 also includes relay
stations. A relay station is a station that receives a trans-
mission of data and/or other information from an up-
stream station (e.g., an eNB, a UE, or the like) and sends
a transmission of the data and/or other information to a
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downstream station (e.g., another UE, another eNB, or
the like). A relay station may also be a UE that relays
transmissions for other UEs. In the example shown in
FIG. 1, a relay station 110r may communicate with the
eNB 110a and a UE 120r, in which the relay station 110r
acts as a relay between the two network elements (the
eNB 110a and the UE 120r) in order to facilitate commu-
nication between them. A relay station may also be re-
ferred to as a relay eNB, a relay, and the like.

[0028] Thewireless network 100 may supportsynchro-
nous or asynchronous operation. For synchronous op-
eration, the eNBs may have similar frame timing, and
transmissions from different eNBs may be approximately
aligned in time. For asynchronous operation, the eNBs
may have different frame timing, and transmissions from
different eNBs may not be aligned in time.

[0029] The UEs120aredispersedthroughoutthe wire-
less network 100, and each UE may be stationary or mo-
bile. A UE may also be referred to as a terminal, a mobile
station, a subscriber unit, a station, or the like. A UE may
be a cellular phone, a personal digital assistant (PDA),
a wireless modem, a wireless communication device, a
handheld device, a tablet computer, a laptop computer,
a cordless phone, a wireless local loop (WLL) station, or
the like. A UE may be able to communicate with macro
eNBs, pico eNBs, femto eNBs, relays, and the like. In
FIG. 1, a solid line with double arrows indicates desired
transmissions between a UE and a serving eNB, which
is an eNB designated to serve the UE on the downlink
and/or uplink. A dashed line with double arrows indicates
interfering transmissions between a UE and an eNB.
[0030] LTE/-A utilizes orthogonal frequency division
multiplexing (OFDM) on the downlink and single-carrier
frequency division multiplexing (SC-FDM) on the uplink.
OFDM and SC-FDM partition the system bandwidth into
multiple (K) orthogonal subcarriers, which are also com-
monly referred to as tones, bins, or the like. Each sub-
carrier may be modulated with data. In general, modula-
tion symbols are sentin the frequency domain with OFDM
and in the time domain with SC-FDM. The spacing be-
tween adjacent subcarriers may be fixed, and the total
number of subcarriers (K) may be dependent on the sys-
tem bandwidth. For example, K may be equal to 72, 180,
300, 600, 900, and 1200 for a corresponding system
bandwidth of 1.4, 3, 5, 10, 15, or 20 megahertz (MHz),
respectively. The system bandwidth may also be parti-
tioned into sub-bands. For example, a sub-band may
cover 1.08 MHz, and there may be 1, 2, 4, 8 or 16 sub-
bands for a corresponding system bandwidth of 1.4, 3,
5, 10, 15, or 20MHz, respectively.

[0031] The wireless network 100 uses the diverse set
of eNBs 110 (i.e., macro eNBs, pico eNBs, femto eNBs,
and relays) to improve the spectral efficiency of the sys-
tem per unitarea. Because the wireless network 100 uses
such different eNBs for its spectral coverage, it may also
be referred to as a heterogeneous network. The macro
eNBs 110a-c are usually carefully planned and placed
by the provider of the wireless network 100. The macro
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eNBs 110a-c generally transmit at high power levels
(e.g., 5 W - 40 W). The pico eNB 110x and the relay
station 110r, which generally transmit at substantially
lower powerlevels (e.g., 100mW -2 W), may be deployed
in a relatively unplanned manner to eliminate coverage
holes in the coverage area provided by the macro eNBs
110a-c and improve capacity in the hot spots. The femto
eNBs 110y-z, which are typically deployed independently
from the wireless network 100 may, nonetheless, be in-
corporated into the coverage area of the wireless network
100 either as a potential access point to the wireless net-
work 100, if authorized by their administrator(s), or at
least as an active and aware eNB that may communicate
with the other eNBs 110 of the wireless network 100 to
perform resource coordination and coordination of inter-
ference management. The femto eNBs 110y-z typically
also transmit at substantially lower power levels (e.g.,
100 mW - 2 W) than the macro eNBs 110a-c.

[0032] In operation of a heterogeneous network, such
as the wireless network 100, each UE is usually served
by the eNB 110 with the better signal quality, while the
unwanted signals received from the other eNBs 110 are
treated as interference. While such operational principals
can lead to significantly sub-optimal performance, gains
in network performance are realized in the wireless net-
work 100 by using intelligent resource coordination
among the eNBs 110, better server selection strategies,
and more advanced techniques for efficient interference
management.

[0033] A pico eNB, such as the pico eNB 110x, is char-
acterized by a substantially lower transmit power when
compared with a macro eNB, such as the macro eNBs
110a-c. A pico eNB will also usually be placed around a
network, such as the wireless network 100, in an ad hoc
manner. Because of this unplanned deployment, wire-
less networks with pico eNB placements, such as the
wireless network 100, can be expected to have large ar-
eas with low signal to interference conditions, which can
make for a more challenging RF environment for control
channel transmissions to UEs on the edge of a coverage
area or cell (a "cell-edge" UE). Moreover, the potentially
large disparity (e.g., approximately 20 dB) between the
transmit power levels of the macro eNBs 110a-c and the
pico eNB 110x implies that, in a mixed deployment, the
downlink coverage area of the pico eNB 110x will be
much smaller than that of the macro eNBs 110a-c.
[0034] Inthe uplink case, however, the signal strength
of the uplink signal is governed by the UE, and, thus, will
be similar when received by any type of the eNBs 110.
With the uplink coverage areas for the eNBs 110 being
roughly the same or similar, uplink handoff boundaries
will be determined based on channel gains. This can lead
to a mismatch between downlink handover boundaries
and uplink handover boundaries. Without additional net-
work accommodations, the mismatch would make the
server selection or the association of UE to eNB more
difficult in the wireless network 100 than in a macro eNB-
only homogeneous network, where the downlink and up-
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link handover boundaries are more closely matched.
[0035] If server selection is based predominantly on
downlink received signal strength, the usefulness of
mixed eNB deployment of heterogeneous networks,
such as the wireless network 100, will be greatly dimin-
ished. This is because the larger coverage area of the
higher powered macro eNBs, such as the macro eNBs
110a-c, limits the benefits of splitting the cell coverage
with the pico eNBs, such as the pico eNB 110x, because,
the higher downlink received signal strength of the macro
eNBs 110a-c will attract all of the available UEs, while
the pico eNB 110x may not be serving any UE because
of its much weaker downlink transmission power. More-
over, the macro eNBs 110a-c will likely not have sufficient
resources to efficiently serve those UEs. Therefore, the
wireless network 100 will attempt to actively balance the
load between the macro eNBs 110a-c and the pico eNB
110x by expanding the coverage area of the pico eNB
110x. This concept is referred to as cell range extension
(CRE).

[0036] The wireless network 100 achieves CRE by
changing the manner in which server selection is deter-
mined. Instead of basing server selection on downlink
received signal strength, selection is based more on the
quality of the downlink signal. In one such quality-based
determination, server selection may be based on deter-
mining the eNB that offers the minimum path loss to the
UE. Additionally, the wireless network 100 provides a
fixed partitioning of resources between the macro eNBs
110a-c and the pico eNB 110x. However, even with this
active balancing of load, downlink interference from the
macro eNBs 110a-c should be mitigated for the UEs
served by the pico eNBs, such as the pico eNB 110x.
This can be accomplished by various methods, including
interference cancellation at the UE, resource coordina-
tion among the eNBs 110, or the like.

[0037] In a heterogeneous network with cell range ex-
tension, such as the wireless network 100, in order for
UEs to obtain service from the lower-powered eNBs,
such as the pico eNB 110x, in the presence of the strong-
er downlink signals transmitted from the higher-powered
eNBs, such as the macro eNBs 110a-c, the pico eNB
110x engages in control channel and data channel inter-
ference coordination with the dominant interfering ones
of the macro eNBs 110a-c. Many different techniques for
interference coordination may be employed to manage
interference. For example, inter-cell interference coordi-
nation (ICIC) may be used to reduce interference from
cells in co-channel deployment. One ICIC mechanism is
adaptive resource partitioning. Adaptive resource parti-
tioning assigns subframes to certain eNBs. In subframes
assigned to a first eNB, neighbor eNBs do not transmit.
Thus, interference experienced by a UE served by the
first eNB is reduced. Subframe assignment may be per-
formed on both the uplink and downlink channels.
[0038] For example, Almost Blank Subframe (ABS)
subframes may be allocated among a cluster of eNBs.
By assigning ABS subframes to certain eNB, other eNB
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transmission are protected. For example, for a given sub-
frame, if eNB A is assigned ABS subframes, eNB B may
transmit a signal that is effectively protected from or lim-
ited ininterference from eNB A. For example, a prohibited
subframe of the first eNB may correspond to a protected
subframe of a second interfering eNB. Thus, the first eNB
is the only eNB transmitting data during the first eNB’s
protected subframe. Common subframes may be used
for data transmission by multiple eNBs. Common sub-
frames may also be referred to as "unclean" subframes
because of the possibility of interference from other
eNBs.

[0039] Heterogeneous networks may have eNBs of dif-
ferent power classes. For example, three power classes
may be defined, in decreasing power class, as macro
eNBs, pico eNBs, and femto eNBs. When macro eNBs,
pico eNBs, and femto eNBs are in a co-channel deploy-
ment, the power spectral density (PSD) of the macro eNB
(aggressor eNB) may be larger than the PSD of the pico
eNB and the femto eNB (victim eNBs) creating large
amounts of interference with the pico eNB and the femto
eNB. Protected subframes may be used to reduce or
minimize interference with the pico eNBs and femto
eNBs. That is, a protected subframe may be scheduled
for the victim eNB to correspond with a prohibited sub-
frame on the aggressor eNB.

[0040] FIG. 2 shows a block diagram of a design of a
base station/eNB 110 and a UE 120, which may be one
of the base stations/eNBs and one of the UEs in FIG. 1.
For a restricted association scenario, the eNB 110 may
be the macro eNB 110c in FIG. 1, and the UE 120 may
be the UE 120y. The eNB 110 may also be a base station
of some other type. The eNB 110 may be equipped with
antennas 234a through 234t, and the UE 120 may be
equipped with antennas 252a through 252r.

[0041] Atthe eNB 110, a transmit processor 220 may
receive data from a data source 212 and control infor-
mation from a controller/processor 240. The control in-
formation may be for the PBCH, PCFICH, PHICH, PD-
CCH, etc. The data may be for the PDSCH, etc. The
transmit processor 220 may process (e.g., encode and
symbol map) the data and control information to obtain
data symbols and control symbols, respectively. The
transmit processor 220 may also generate reference
symbols, e.g., for the PSS, SSS, and cell-specific refer-
ence signal. A transmit (TX) multiple-input multiple-out-
put (MIMO) processor 230 may perform spatial process-
ing (e.g., precoding) on the data symbols, the control
symbols, and/or the reference symbols, if applicable, and
may provide output symbol streams to the modulators
(MODs) 232a through 232t. Each modulator 232 may
process a respective output symbol stream (e.g., for
OFDM, etc.) to obtain an output sample stream. Each
modulator 232 may further process (e.g., convert to an-
alog, amplify, filter, and upconvert) the output sample
stream to obtain a downlink signal. Downlink signals from
modulators 232a through 232t may be transmitted via
the antennas 234a through 234t, respectively.
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[0042] Atthe UE 120, the antennas 252a through 252r
may receive the downlink signals from the eNB 110 and
may provide received signals to the demodulators (DE-
MODs) 254a through 254r, respectively. Each demodu-
lator 254 may condition (e.g., filter, amplify, downconvert,
and digitize) a respective received signal to obtain input
samples. Each demodulator 254 may further process the
input samples (e.g., for OFDM, etc.) to obtain received
symbols. A MIMO detector 256 may obtain received sym-
bols from all the demodulators 254a through 254r, per-
form MIMO detection on the received symbols if applica-
ble, and provide detected symbols. A receive processor
258 may process (e.g., demodulate, deinterleave, and
decode) the detected symbols, provide decoded data for
the UE 120 to a data sink 260, and provide decoded
control information to a controller/processor 280.
[0043] On the uplink, at the UE 120, a transmit proc-
essor 264 may receive and process data (e.g., for the
PUSCH) from a data source 262 and control information
(e.g., for the PUCCH) from the controller/processor 280.
The transmit processor 264 may also generate reference
symbols for a reference signal. The symbols from the
transmit processor 264 may be precoded by a TX MIMO
processor 266 if applicable, further processed by the
modulators 254a through 254r (e.g., for SC-FDM, etc.),
and transmitted to the eNB 110. At the eNB 110, the
uplink signals from the UE 120 may be received by the
antennas 234, processed by the demodulators 232, de-
tected by a MIMO detector 236 if applicable, and further
processed by a receive processor 238 to obtain decoded
data and control information sent by the UE 120. The
processor 238 may provide the decoded data to a data
sink 239 and the decoded control information to the con-
troller/processor 240.

[0044] The controllers/processors 240 and 280 may
direct the operation at the eNB 110 and the UE 120, re-
spectively. The controller/processor 240 and/or other
processors and modules at the eNB 110 may perform or
direct the execution of various processes for the tech-
niques described herein. The controllers/processor 280
and/or other processors and modules at the UE 120 may
also perform or direct the execution of the functional
blocks illustrated in FIGS. 3A and 3B, and/or other proc-
esses for the techniques described herein. The memo-
ries 242 and 282 may store data and program codes for
the eNB 110 and the UE 120, respectively. A scheduler
244 may schedule UEs for data transmission on the
downlink and/or uplink.

[0045] Wireless network operators are considering
new ways to optimize network resources and improve
user experience. Context awareness may provide the
additional tools to achieve these goals. Context aware-
ness may be considered to include any parameter that
describes either the use that is being made of the UE, or
the UE’s environment, or any other "non-cellular" infor-
mation. For purposes of this application, "non-cellular"
UE information refers to the data or information that may
not be accessible by the wireless network or that s either
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not currently accessible or known, or only roughly known,
to the network. Non-cellular UE information may include
various pieces of information that are detected or ob-
tained using various sensors on the UE. For example,
non-cellular UE information may include battery level
threshold, battery charge rate of change, alerting mode
of UE, location of UE, predicted location of UE based on
either or both of UE mobility or UE calendar information,
level of user interaction with UE during a predetermined
time window, predicted level of user interaction with UE
based on status information locally accessible by the UE,
proximity to human identified as main user of UE, and
the like. Examples of status information that may be lo-
cally accessible to the UE include calendar information,
alarm information, application data from an application
running on the UE, sensor information from one or more
non-cellular sensors of the UE, information received by
the UE from another electronic device associated with
the main user, and the like.

[0046] This definition of non-cellular UE information
excludes radio access technology oriented aspects, par-
ticularly if known to the network, such as anything that is
coved by UE capabilities, RAT capability and availability,
network load, measured or estimated system or channel
information, and the like. For purposes of this application,
such radio access technology oriented information will
be referred to as "cellular UE information." While different
from the context-oriented information of non-cellular UE
information, enhanced UE handling may be achieved in
specific cases if some pieces of the cellular UE informa-
tion are taken into account along with the context-orient-
ed or non-cellular UE information.

[0047] The context awareness or non-cellular UE in-
formation may be obtained or determined by a UE
through use of UE sensors including, but not limited to,
gyroscope, accelerometer, GPS, (e.g., to distinguish
whetherthe UE isin a vehicle, such as atrain, automobile,
motorbike, etc., stationary, or mobile pedestrian). In ad-
dition, the UE may use other information from applica-
tions running on the UE, such as calendar information,
time of day, and the like (e.g., to indicate to the network
how long the mobility context is expected to continue). If
this non-cellular UE information is converted into param-
eters or profiles, it may then be possible for the network
(e.g., RAN or CN) to take appropriate action or manage
network operations, such as by offloading the UE traffic,
for example, whether or not to perform selected IP traffic
offload (SIPTO) at the local network when the UE is sta-
tionary, or in a vehicle, pedestrian, etc.; handover pref-
erence, for example, whether to keep the UE on the mac-
ro layer or handover the UE to the small cell layer; load
balancing and multi-flow activation, for example, whether
to enable offloading traffic to small cells while maintaining
a connection to the macro cell, or just to keep a connec-
tion at the macro cell; paging and registration manage-
ment, for example, how large an area in which to page
the UE, how often to require the UE to register, etc.; dis-
continuous reception (DRx) parameter management
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based on the latency the UE can tolerate; and the like.
[0048] Additionally, the network may use the UE to col-
lect network management information that may, in turn,
be used toimprove the quality of service provided to other
UEs. For example, based on reported non-cellular con-
ditions, the network may determine that the UE should
be selected to execute certain measurements that may
be used to diagnose reported network problems, such
as high interference, gaps in coverage areas, overloaded
access points, and the like.

[0049] Various aspects of the present disclosure may
provide for a set of conditions including at least one non-
cellular UE condition that triggers a UE to send a status
report to a serving base station. The status report can
include any combination of cellular and non-cellular UE
information that the base station may use to determine
management of network operations.

[0050] FIGs. 3A and 3B are block diagrams illustrating
example blocks executed to implement aspects of the
present disclosure. The blocks illustrated with regard to
FIG. 3A represent blocks implemented at a UE config-
ured according to one aspect of the present disclosure,
while the blocks illustrated with regard to FIG. 3B repre-
sent blocks implemented at a base station configured
according to one aspect of the present disclosure. The
UE and base station of FIGs. 3A and 3B may, for exam-
ple, include the features and components described and
illustrated with regard to base station 110 and UE 120 in
FIG. 2. At block 304, an eNB transmits a set of conditions
that trigger a UE to transmit a status report to the base
station, wherein the set of conditions includes at least
one non-cellular UE condition. At block 300, the UE re-
ceives the set of conditions from the serving base station
that triggers the UE to transmit a status report to the serv-
ing base station. The UE will then monitor for these con-
ditions, including the non-cellular UE conditions.

[0051] At block 301, the UE may detect one or more
of the set of conditions. For example, if one of the non-
cellular conditions includes a user coming into proximity
with the UE, when detected, the UE triggers the status
report process. At block 302, the UE obtains reporting
information for the status report, in which the reporting
information includes one or both of non-cellular UE infor-
mation and cellular UE information. For example, the trig-
gering condition may be proximity of a user to the UE.
This condition may be detected through various mecha-
nisms. For instance, the UE may be in wireless commu-
nication with a different device, such as a personal wire-
less device, including a fitness monitor, which signals the
UE detects when the user is wearing such device. When
the condition of the user being in proximity is detected,
the condition triggers the reporting mechanism. The UE
gathers all of the information that is to be placed into the
report including either or both of cellular UE information
and non-cellular UE information. For example, while the
trigger condition is user proximity to the UE, the informa-
tion gathered for the report may include additional cellular
and non-cellular UE information, such as whether the UE
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is indoors, in a vehicle, in a building, the battery level,
current signal quality, and signal quality of neighboring
base stations or access points, and the like. Various dif-
ferent types of cellular and non-cellular information and
combinations thereof may make up the information gath-
ered for the status report. At block 303, the UE transmits
this status report to the serving base station.

[0052] Back at the serving base station, at block 305,
the serving base station receives the status report from
the UE, wherein the status report includes either or both
of the non-cellular UE information and cellular UE infor-
mation. The serving base station may then analyze sys-
tem operations based, at leastin part, on the non-cellular
UE information. The serving base station may also use
any cellular UE information included in the report for such
system operations analysis. At block 306, the base sta-
tion determines, based on the analysis of the status report
whether the UE is a candidate for selection to perform
one or more network management tasks for network con-
dition management. A network management task may
include any of a variety of tasks in which the UE may
obtain network management information. Depending on
the information in the status report, the UE may or may
not be experiencing conditions or in a state that would
suggest performance by the base station of network con-
dition management.

[0053] Inone example aspect, if the base station were
to determine that the UE is a candidate for network man-
agement tasks, the base station may transmit one or
more requests for network management information to
the UE. The requests for network management informa-
tion may include such requests for the UE to measure
radio conditions experienced by the UE, to identify and
measure power in signals received from one or more
neighboring base stations, to decode signals intercepted
from one or more proximate access points notin a current
neighbor cell list, to determine interference conditions
from one or more network entities, to measure channel
conditions in one or more different frequencies, one or
more different bands, or one or more different radio ac-
cess technologies, and the like. The requests may trigger
the UE to measure and/or decode access point identifiers
(IDs), including other RATs, WLANSs, and the like, and
measuring their signal strength or carrier-to-interference
ratio, broadcast information, quality of service, and the
like. In some examples, the requests may also instruct
the UE to attempt a dummy data call, in order to test a
particular data network or connection, join a multimedia
broadcast multicast service (MBMS), or the like, to report
on the results of the attempted connection. The base
station would then manage network conditions based, at
least in part, on the network management information
received from the UE.

[0054] Itshould be noted that, in various aspects of the
present disclosure, the requests for network manage-
ment information may be transmitted either in response
to the serving base station determining that a UE should
be selected for network management tasks based on the
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status report or along with the set of conditions for trig-
gering the UE status reporting from blocks 304/300, in
which case the base station may transmit a triggering
signal that may trigger the UE to perform the requested
network management tasks. The additional network
management tasks included in the requests may be var-
iable and, perhaps, depend on the specifics of the status
report, the actual location of the UE, the UE’s capabilities,
and the like.

[0055] Additionally, the configuration of the status re-
port may also be transmitted with this initial information
at blocks 304/300. For example, the configuration of the
status report may detail which cellular and non-cellular
UE information to include in the report, the periodicity to
send the report once the condition is triggered, and the
like. Thus, the UE may detect the conditions in the set of
conditions and compile both network management infor-
mation and the condition information and, because of it
has received also a configuration for the status report,
the UE may arrange all of the requested information into
the status report.

[0056] It should further be noted that the base station
may take actions to manage the network conditions
based only on the information contained in the status
report. In such additional aspects, the base station would
use the non-cellular UE information in the status report
in addition to any other cellular UE information either from
the status report or other regular measurement reports
from the UE in order to manage the network conditions.
[0057] Multiple examples of different categories of
non-cellular UE information exist that may be used for
generating a status report according to various aspect of
the present disclosure in conjunction with the blocks il-
lustrated and described with respect to FIGs. 3A and 3B.
Such various categories and combinations of categories
of non-cellular UE information may be employed in inter-
actions between UEs and eNBs configured according to
various aspects of the disclosure. For example, location
and mobility context may be used as non-cellular UE in-
formation in a status report for the eNBs configured ac-
cording to aspects of the present disclosure to predict
future location or movement of a UE. Location relates to
actual user interest and activity, e.g., is the user at a work
location, where he/she would typically have a certain us-
age pattern, while mobility context captures aspects such
as whether the user is stationary, in car or train, "walking
on the spot", etc. Such non-cellular UE information, pos-
sibly combined with other cellular UE information, may
be used to predict the user’s future location, or the user’'s
likely movement.

[0058] In such location and mobility contexts, the net-
work may be able to derive some of these characteristics
at a high level through tracking area updates (TAUs) in
idle mode, and through handovers (UE History) in con-
nected mode. In more advanced systems, information
may be provided to the network upon (or after) RRC con-
nection setup, e.g. mobility state and UE history. UE his-
tory is an extension of the eNB-based UE history, since

10

15

20

25

30

35

40

45

50

55

it covers the visited cell list including both idle and active
modes (plus the amount of time a UE is located within
any given cell). However the existing reports and meas-
urements are "historical" in nature, and, therefore, do not
support reliable prediction of the future behaviour in the
network, because they cannotbe extrapolated to indicate
the actual cause of the past behaviour in a reliable man-
ner and hence how long the behaviour is likely to last.
The non-cellular UE information included in the status
reports described according to various aspects herein
may provide the appropriate context in order to more re-
liably predict such future behaviour or to interpret the
historical data in a better predictive manner.

[0059] The UE can determine the location/mobility
non-cellular UE information based on feedback from var-
ious sensors including gyroscope, accelerometer, GPS,
etc. For example, the UE may distinguish between
whether it is in a vehicle (e.g., train, automobile, motor-
bike, etc.), stationary, or mobile pedestrian. The UE may
also obtain or derive this information continuously and
not just at handovers or reselections. In addition the UE
may use additional application information, such as cal-
endar information, time of day, to indicate to the network
how long this mobility context is expected to continue.
[0060] In general, location and movement are typical
inputs for many mobility-related network functions such
as layer management, load management, tracking area
management, handover preparation, etc. However, they
can also be used to enable or disable localized services,
such as local offload or proximity based services. Finally,
the UE may also be able to optimize the user experience
based on implementation. For example, it may be useful
for the network to be aware at a periodic TAU that the
UE has not only moved to another tracking area (TA)
since the last update, but also the UE has not moved at
all. As aresult, the TA list area could be further narrowed
to reduce network paging load.

[0061] In the RAN, the handling of a UE that moves
from idle to active mode could also be optimized based
on non-cellular UE information on mobility, thereby min-
imizing the number of handovers by staying on macro-
cells, or avoiding mobility-sensitive strategies such as
local offload. Thus, without the additional context from
the status reports configure according to the various as-
pects of the present disclosure, the RAN has to extrap-
olate from past behaviour, whereas mobile originated
service requests are often made after a recent mobility
behaviour change. For example, a user walks into a train
and soon after begins a voice call (or triggers some in-
formation download); or a driver initiates a call or data
interaction once the car arrives at destination or is stuck
in traffic. In these and other cases, the UE could provide
additional, more immediate information to the network
that might override the current reports that might have
more stale information.

[0062] Mobility patterns may also be exploited in status
reports generated by UE configured according to aspects
of the present disclosure to enhance future predictions
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by receiving compatible eNBs (e.g., through use of status
reporting, as in the various described aspects, use of
triggers, and the like). For example, the UE may be
aware, through usage pattern, that the user is likely to
leave work between 5:00 p.m. and 6:00 p.m., and, thus,
may provide the network with an indication in a status
report that the current mobility status is not expected to
continue for long into the future during a TAU around
5:00 p.m. This could result in different layer management
by eNBs configured according to aspects of the present
disclosure or avoidance of local offload ifthe UE becomes
active after this TAU. Another possibility, based on the
reporting of the predicted usage pattern in the status re-
ports configured according to various aspects of the
presentdisclosure, the network may arrange for the early
initiation of handover preparation or reservation of eNB
resources through a particular route included in the status
report based on the user’s history.

[0063] In further example, if the UE’s maps application
is active, and the UE is 100 miles from the destination,
then the UE can predict the mobility context based on
the expected time to destination. The UE may include
this non-cellular UE information in the status report that
reflects a predicted change of mobility context. Similarly,
if the calendar application indicates the UE is in an all-
day meeting, and the UE is currently stationary, then the
UE can indicate in such a status report the remaining
time expected in the meeting.

[0064] Mobility or location information may also be
used by minimum drive test (MDT) functions in order to
select the better UEs for particular data collection func-
tions. For example, the network may want to collect data
in a certain specific area and is, therefore, more interest-
ed in static or low-mobility UEs. The collection of such
network management information could be used, for ex-
ample, to diagnose coverage or interference issues in a
particular area.

[0065] For non-permanent spectrum (e.g., spectrum
sharing such as licensed shared access (LSA)), spec-
trum could be reserved in advance, or the UE could com-
municate directly to other eNBs to give them advanced
notice of potential communications. Spectrum may not
always be available in LSA systems, but this implies also
that an eNB may not necessarily use the LSA spectrum
even when it is available, and could work off demand, or
projected demand. Similar strategies could be used to
reserve unlicensed spectrum if there was some form of
coordination between multiple operator's use of this
spectrum.

[0066] Anotherexample of non-cellular UE information
that may be used in a status report generated according
to aspects of the present disclosure is UE’s physical en-
vironment context. The "physical environment" of a UE
includes any direct inputs from sensors in the UE appa-
ratus, such as background noise (microphone) and its
rate of change; light levels (night/day/indoors/outdoors)
and its rate of change; position of phone (on table, in
pocket, in hand); movement of phone (user is walking,
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running, etc.); movement of people/objects in vicinity of
phone; proximity of user (e.g., is user known to be close
such as by connection with other devices such as a paired
watch, personal fitness device, etc.); or other user activ-
ity, such as whether the UE can detect that the useris a
passenger in a vehicle rather than the driver (e.g., based
on user movements, background noise, etc.). All the
above informationis, in principle, available in the UE and
not currently available to the network. Such non-cellular
UE information may be included in a status report con-
figured according to various aspects herein and sent to
the eNB for use in determining further network condition
management.

[0067] The physical environment non-cellular UE in-
formation may be used as additional information in a sta-
tus report configured according to various aspects of the
present disclosure that are related to location and mobil-
ity. For example, if the UE is deemed to be stationary,
light/background noise characteristics are static, and the
user is not in proximity, then this combination of condi-
tions included in a status report to a serving eNB increas-
es the confidence by the eNB that the UE is in a "static"
status. Conversely, a change in the environment (e.g.,
light changes, user approaches, etc.) may be a warning
of impending location changes. The physical environ-
ment non-cellular UE information may be used in status
reports configured according to various aspects to pro-
duce "matches" related to past behaviour. For example,
it may be possible to define and recognize multiple en-
vironments within the same location and match the en-
vironment with user behaviour.

[0068] An additional use case for physical environment
non-cellular UE information relates to the differentiation
between "direct user interest" activities and others. For
example, based on the environment sensing, the UE may
know whether the user is, in fact, currently interested in
the UE’s activity in a real-time sense (e.g., user interest
may be less likely when the UE is in a pocket, or the user
is driving, or the user is not physically close to the UE).
In such situations, inclusion of this type of physical envi-
ronment non-cellular UE information into a status report
may allow an eNB configured according to aspects of the
present disclosure to consider the UE to be temporarily
identified as a low-priority device, such as a temporary
machine-type-communication (MTC)-like device and
could, therefore, be considered to be available for selec-
tion by the base station to collect network management
data, ifitis unlikely to be required by the user. In additional
non-network management functions, determination
based on such non-cellular UE information in a status
report that the UE is currently a low-priority device could
trigger the network to use the low-priority UE for the pur-
poses of handling network congestion for mobile origi-
nated calls.

[0069] In addition to the priority handling for the admis-
sion or congestion handling of a particular bearer (or the
RRC connection) based on such non-cellular UE infor-
mation included in a status report configured according
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to various aspects of the present disclosure, user-plane
policies could also be applied in network condition man-
agement options to differentiate low "direct user interest"
activities. For example, the bearer or bearers could be
given lower priority in terms of scheduling or resource
usage (reduced access to carrier aggregation, lower
scheduling priority, no local offloading, no pre-emption
of target resources in case of handover, etc.)

[0070] A further example of non-cellular UE informa-
tion that may be included in a status report configured
according to various aspects involves user context infor-
mation. User context relates to what the user is currently
doing. For example, user context could include sleeping,
working, eating, driving, walking on the sidewalk, in a
theater or watching TV, at a party, exercising, or the like.
This type of information may be obtained or determined
through analysis of several different types of data, which
may be mined by the UE from multiple applications and
sensors of the UE. For example, user calendar and
events, location (as an adjuncte.g. is useratarestaurant,
home), user heart rate, if available, determining whether
the user is controlling other devices (e.g., TV, speaker,
etc.) via other applications, or identifying specific active
applications (e.g., driving information, pedometer, public
transport timetable, etc.), specific user interaction with
phone (e.g., use of camera, pressing buttons, voice rec-
ognition); standalone WiFi activity triggered by user ac-
tions (e.g., browsing maps), which is not known to net-
work, and the like. Again, this information might be avail-
able in the UE (if it can be derived) and placed into a
status report and is not currently available to the network.
[0071] The user context non-cellular UE information
might be useful as additional information to help further
classify usermobility or user activity events. Forexample,
if the phone is static, and the user is known to be asleep,
then the network may classify any mobile originated ac-
tivity as low priority (because itis generated by processes
in the phone itself and is not a real-time interaction). An-
other example network condition management operation
might be to elevate the priority when information con-
tained in a status report indicates that certain conditions
are met (e.g., user is known to be under stress such as
based on high heart rate under static conditions).
[0072] Such user context non-cellular UE information
may be abstracted, for example, in terms of an index of
or "likelihood of user interaction," meaning the likelihood
of user-initiated phone interaction resulting in cellular net-
work activity. This could take into account the information
related to the user context as described above.

[0073] Another possible category of non-cellular UE
information that may be included in a status report con-
figured according to aspects of the present disclosure
would be "user focus on phone." One value for this pa-
rameter could, for example, indicate that the user has
been (or is) interacting with the device already, even
though the device is in cellular idle mode. Such activity
may not result in cellular activity if the user’s actions do
not require communication, or communication is being
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performed via WiFi, Bluetooth, or the like. This user con-
text non-cellular UE information for a status report may
also be useful in cases of idle-to-connected transition,
e.g., ifitcan be determined that the activity is not directly
triggered by the user and, therefore, has low priority. User
context non-cellular UE information in a status report con-
figured according to one aspect of the present disclosure
could also signal an eNB analysing the status report
whether the user is under stress (e.g., high heart rate,
rate of typing errors, abnormal keystroke rate, and the
like).

[0074] A further example of non-cellular UE informa-
tion that may be incorporated in a status report configured
according to aspects of the present disclosure is the time
context. Time context non-cellular UE information may
include specific time-related information such as time of
day, day of the week, daylight information for a given
location, calendar information, and the like. In addition,
it should be possible to create an "observed" calendar
by using past information (e.g., user context, location,
etc.) and mapping this to a day or weekly calendar.
[0075] While the time, day, and date information is
available to the network, the network does not have the
link between time and user context, either from explicit
calendar information, or from predictive calendar based
on observed activities. The time context non-cellular UE
information in a status report may provide an eNB with
information regarding current and likely future activity of
the user (as well as location). One use of such information
by an eNB receiving a status report with such information
may be the mobility use case (e.g., building a schedule
of future user movements, or a customized neighbour
cell list while idle, and pre-booking capacity while con-
nected). The time context information may be further
used to correlate and increase confidence in other indi-
cators (e.g., the correlation between the current likely
user status and a previous user status at the same time
of day/week), and, thus, contribute to use cases support-
ed by such indicators.

[0076] A further example of non-cellular UE informa-
tion that may be included in a status report configured
according to one aspect of the present disclosure is the
device context information. Device context includes spe-
cific information, such as remaining power on the device,
connectivity (including connectivity with WiFi, Bluetooth,
etc.), screen activity (such as, recent direct user interac-
tion), data status in phone (e.g., whether data is on/off),
status of silent mode (on/off), and the like. In general,
none of this device context information is known to the
network, with the exception of UE activity that may trigger
radio interactions (other than data actions when cellular
data is not turned on).

[0077] Device contextinformationincluded in such sta-
tus reports may support various network operation man-
agement by an eNB. For example, remaining power on
the UE could be used by the eNB to trigger a reduction
of the maximum uplink power. Alternatively, remaining
power could also be used by the eNB to increase the
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scheduling priority of the particular UE, in order to expe-
dite the completion of the data session. Such manage-
ment decisions by the eNB may also depend on whether
the activity was user related or not. In idle mode, the
remaining power on the phone could be used to increase
the paging area, which may reduce the number of area
updates that the mobile has to perform. Additionally, re-
maining power on the phone could be used to change
the paging DRX cycle (e.g., longer DRX cycles as battery
power goes below a predetermined threshold percent-
age). Remaining power on the phone could also be used
to prioritize devices for local offloading actions (e.g., to
small cells of WiFi), particularly if the device has signifi-
cant uplink activity. This can also be used to bias the
decision to take the device out of the offload access due
to coverage aspects (e.g., if ultimately the device may
end up using higher uplink power to reach the large cell,
even if the downlink reception improves), or for priority
of access to protected resources in the small cell (e.g.,
enhanced ICIC (elCIC)).

[0078] Screen activity can be used as an indicator of
"direct userinterest" in a status report configured accord-
ing to various aspects of the present disclosure, and gen-
erally prompt an eNB to trigger higher priority handling
for any bearers activated as a result. WiFi connectivity
and data status can also be used in a status report to
provide a strong indicator of whether the UE is likely to
initiate any data transactions (e.g. highly unlikely if there
is standalone WiFi connectivity and data is off). For ex-
ample, if the UE signals in a status report that it is chang-
ing to "no WiFi connectivity" and "data on" via user inter-
action with the phone, then there is a very high probability
that the user is about to initiate a data session. If, instead,
the phone changes only to "data on" first and then much
later to "no WiFi connectivity," it is much less likely that
data activity will be user initiated when it starts later. An
eNB with such information in a status report from the UE
may select the appropriate network condition manage-
ment operations.

[0079] It should be noted that various additional exam-
ples of non-cellular UE information that may be included
in a status report configured according to various aspects
of the present disclosure may also be applicable under
the different aspects of the present disclosure. The spe-
cificexamples described herein are meantonly to provide
an example of such different non-cellular UE information
types that may be included in such status reports and
their potential uses by a receiving eNB for network con-
dition management.

[0080] FIG. 4A s a call flow diagram illustrating exam-
ple communications between a UE 400 and eNB 401
configured according to one aspect of the present dis-
closure. The interaction between UE 400 and eNB 401
illustrated in FIG. 4A is also described with respect to
FIGs. 6A and 6B to illustrate operations of UE 400 and
eNB 401. As illustrated in FIGs. 6A and 6B, UE 400 and
eNB 401 are composed of various hardware, compo-
nents, and executable logic, which, when executed by a
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processor, such as controller/processor 280 of UE 400
and controller/processor 240 of eNB 401, generates the
operation environments that provide the features, func-
tionalities, and operations of UE 400 and eNB 401, re-
spectively. UE 400 includes many of the components and
hardware illustrated for UE 120 (FIG. 2). For example,
UE 400 includes controller/processor 280, memory 282,
antennas 252a-r, and wireless radios 600a-r. Wireless
radios 600a-r may include a number of different compo-
nents, such as demodulator/modulators 254a-r, MIMO
detector 256, receive processor 258, transmit processor
264, and TX MIMO processor 266. UE 400 also includes
sensors 601a-n, which provide a variety of sensors for
measuring various non-cellular UE information. Sensors
601a-n may include sensors, such as gyroscopes, ac-
celerometers, GPS, thermometer, barometer, light sen-
sors, microphones, and the like. eNB 401 also includes
many of the components and hardware illustrated for
eNB 110 (FIG. 2). For example, eNB 401 includes con-
troller/processor 240, memory 242, antennas 234a-t,and
wireless radios 609a-t. Wireless radios 609a-t may in-
clude such individual components as modulator/demod-
ulators 232a-t, MIMO detector 236, receive processor
238, transmit processor 220, and TX MIMO processor
230.

[0081] Attime 402, eNB 401 transmits a set of condi-
tions 610 for triggering a status report from UE 400. The
set of conditions 610 is transmitted via wireless radios
609a-t and antennas 234a-t to UE 400. The set of con-
ditions 602, stored in memory 282 at UE 400 includes at
least one condition that may be determined based on
detection of non-cellular UE information. The transmis-
sion from eNB 401 may also include a status report con-
figuration 611, stored in memory 242, that details the
format of and information to be included in the status
report, which includes either one or both of non-cellular
and cellular UE information. In alternative aspects, the
status report configuration 611 may be standardized and
known to each network entity. In still other aspects, the
status report configuration 611 may be semi-statically set
by the network through the serving base station, such as
eNB 401.

[0082] Once received by UE 400 via antennas 252a-
r, and wireless radios 600a-r, UE 400, under control of
controller/processor 280, will monitor for the identified
set of trigger conditions. UE 400 stores the set of condi-
tions 602 and status report configuration 603 in memory
282 and, using sensors 601a-n under control of control-
ler/processor 280, conditions for non-cellular UE infor-
mation may be monitored in additional to other cellular
UE information that may be sensed through operation of
wireless radios 600a-r and measurement logic 605 by
controller/processor 280. Attime 403, the UE 400 detects
the triggering conditions and, controller/processor 280
executes status report generator 604, stored in memory
282 to generate a status report according to the status
report configuration 603. UE 400 transmits the status re-
port at time 404 via wireless radios 600a-r and antennas
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252a-r, under control of controller/processor 280. eNB
401 receives the status report 612, stores it in memory
242, and analyzes all of the UE information, including
one or both of the non-cellular and cellular UE informa-
tion, at time 405, through execution of network condition
management 613 by controller/processor 240. Based on
the analysis, eNB 401 determines whether or not to select
UE 400 for further network management tasks. If eNB
401 determines to select UE 400 for further network man-
agement tasks, eNB 401 transmit one or more requests
for network information 614, at time 406, to UE 400 using
wireless radios 609a-t and antennas 234a-t. At time 407,
UE 400 obtains the network information through meas-
urement logic 605 executed by controller/processor 280
for monitoring such network information via antennas
252a-rand wireless radios 600a-r. UE 400 then transmits
the network information back to eNB 401 at time 408.
Based on the network information received from UE 400,
eNB 401 manages network operations at time 409
through execution of network condition management
613. Management of network operations through execu-
tion of network condition management 613 may include
any variety of operations under control of controller/proc-
essor 240 that modifies the network operations and com-
munications with UE 400, or additionally that modify net-
work operations and communications with other UEs (not
shown). For example, at time 410, eNB 401 may signal
network entity 411 to modify operations. Network entity
411 may be a neighboring access point or base station
and the modification of operations requested by eNB 401
may include various actions, such asreservingresources
for predicted future communications from UE 400, mod-
ifying transmissions on certain channels or frequencies
to reduce potential interference, and the like. Additionally
or alternatively, at time 412, eNB 401 may manage net-
work operations by signaling new configuration informa-
tion to UE 400. For example, eNB 401 may send new
configuration information that modifies the neighbor cell
list 606, stored in memory 282 of UE 400, updates mo-
bility parameters 607, and the like. Such network oper-
ations management decisions are made by eNB 401
based on the current or predicted operations of UE based
on at least the non-cellular UE information received in
the status report 612 that may further prompt gathering
of the network information.

[0083] FIG. 4B is a call flow diagram illustrating exam-
ple communications between UE 400 and eNB 401 con-
figured according to one aspect of the present disclosure.
As indicated above, the requests for network information
may be included in the transmission of the set of condi-
tions 610 and status report configuration 611 from eNB
401 to UE 400. Thus, in the alternative aspect illustrated
in FIG. 4B, at time 413, eNB 401 transmits not only the
set of conditions 610 and status report configuration 611
including at least one non-cellular condition for triggering
a status report from UE 400, but also transmits the re-
quests for network information 614 that may be used in
execution of network condition management 613 by con-
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troller/processor 240. UE 400 stores set of conditions
602, status report configuration 603, and requests for
network information 604 in memory 282 and, under con-
trol of controller/processor 280, will begin monitoring for
the triggering conditions using sensors 601a-n. As in the
example aspect described with respect to FIG. 4A, UE
400 detects the triggering condition and executes status
reportgenerator 604 in order to generate the status report
according to the status report configuration 603, which
includes one or both of the non-cellular and cellular UE
information. UE 400 transmits the status report at time
404 via wireless radios 600a-r and antennas 252a-r. At
time 405, eNB 401 receives status report 612 and, on
execution of network condition management 613 by con-
troller/processor 240, analyzes the status report 612 with
either or both of the non-cellular and cellular UE informa-
tion and, based on this status report 612 may determine
whether or not to select UE 400 for network management
tasks. If eNB 401 determines to select UE 400 to perform
additional network management tasks, eNB 401 will
transmit a triggering signal, at time 414, which triggers
UE 400 to perform one or more of the requests for network
information 605 received at time 413. The number of
tasks to fulfill the requests for network information 605
may vary depending on the information analyzed in the
status report 612 from UE 400. Thus, the triggering signal
may trigger UE 400 to execute one or more of the re-
quests for network information 605 thatit received at time
413. UE 400 will then transmit to eNB 401 via wireless
radios 600a-r and antennas 252a-r the network informa-
tion obtained based on the triggered requests at time
408. Asiillustrated and described with respect to FIG. 4A,
depending on the operations of the network that eNB 401
determines to manage, it may either or both of transmit
instructions or configuration information to network entity
411 at time 410 or to UE 400 at time 412. Such manage-
ment may include reserving resources at other access
points or base stations based on predicted future com-
munications or updating configuration data at UE 400,
as described in detail with respect to FIG. 4A.

[0084] FIG. 5 is a block diagram illustrating a UE 120
and eNBs 503-505 configured according to one aspect
of the present disclosure. UE 120 is located initially at a
home 501 of the user. UE 120 is camped on eNB 503
and receives a set of conditions from eNB 503 for trig-
gering a status report of various non-cellular and cellular
UE information. In one non-limiting example, a triggering
condition included in the set of conditions provides for a
status report to be sent when the user is in proximity to
UE 120 and the UE 120 is traveling in a vehicle, such as
automobile 502. The user owns and wears a personal
fitness device (PFD) 500 that is linked to various appli-
cations available to run on UE 120. As the user, while
wearing PFD 500 comes into proximity of UE 120 and
proceeds to enter vehicle 502 to drive from home 501 to
office 506. Non-cellular applications running on UE 120
have monitored the user’s activities and expects on par-
ticular sets of days that the user will take UE 120 into
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office 506. As the user begins the journey to office 506,
sensors in UE 120 detect motion at a velocity in excess
of human-powered movement and determine that UE
120is in a vehicle. With both triggering conditions having
been met, UE 120 generates a status report for trans-
mission to eNB 503. UE 120 gathers non-cellular UE in-
formation such as that UE 120 is in a vehicle, the pre-
dicted route to office 506, battery life, specific data-com-
municating applications running on UE 120, and cellular
information, such as the signal strength of neighboring
base stations, and the like. This cellular and non-cellular
UE information is packaged into the status report and
transmitted to eNB 503.

[0085] Inanalyzingthe information in the status report,
eNB 503 determines to reserve resources at multiple
eNBs, eNBs 504 and 505, along the predicted route of
automobile 502. Therefore, eNB 503 transmits instruc-
tions to eNBs 504 and 505 to reserve resources for UE
120 for an estimated future time when UE 120 is predicted
to enter the coverage areas of eNBs 504 and 505. eNB
503 also transmits mobility information to UE 120 that
facilitates efficient connection establishment with both of
eNBs 504 and 505.

[0086] Asthe userreachesthe destination of office 506
and exits automobile 502, UE 120 monitors the set of
conditions for any additional triggering conditions. The
user enters office 506 and places UE 120 into a desk.
The user walks away from UE 120. As PFD 500 exits
proximity to UE 120, UE 120 detects another trigger to
send a status report, this time, toeNB 505. Similar cellular
and non-cellular UE information are transmitted in the
status report to eNB 505. eNB 505 analyzes the status
information and based on this context of UE 120 deter-
mines to select UE 120 for additional network manage-
ment tasks. eNB 505 sends a request for UE 120 to
search available access points in its location. UE 120
performs a search and discovers small cell access point
507, which is not currently included in the neighbor cell
list of UE 120. UE 120 sends the identity information,
signal measurementinformation, and the like to eNB 505.
eNB 505 then transmits a control signal to UE 120 to
update its neighbor cell list to include small cell access
point 507. eNB 505 adds small cell access point to its
own neighbor cell list, which allows eNB 505 not only to
offload traffic associated with UE 120 to small cell access
point 507, but also offload any additional UEs in office
506 that is serves to small cell access point 507..
[0087] Those of skill in the art would understand that
information and signals may be represented using any
of a variety of different technologies and techniques. For
example, data, instructions, commands, information, sig-
nals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any com-
bination thereof.

[0088] The functional blocks and modules in FIGs. 3A
and 3B may comprise processors, electronics devices,

10

15

20

25

30

35

40

45

50

55

14

hardware devices, electronics components, logical cir-
cuits, memories, software codes, firmware codes, etc.,
or any combination thereof.

[0089] Those of skill would further appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the disclo-
sure herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly
illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules,
circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality
is implemented as hardware or software depends upon
the particular application and design constraints imposed
on the overall system. Skilled artisans may implement
the described functionality in varying ways for each par-
ticular application, but such implementation decisions
should not be interpreted as causing a departure from
the scope of the present disclosure. Skilled artisans will
also readily recognize that the order or combination of
components, methods, or interactions that are described
herein are merely examples and that the components,
methods, or interactions of the various aspects of the
present disclosure may be combined or performed in
ways other than those illustrated and described herein.
[0090] The various illustrative logical blocks, modules,
and circuits described in connection with the disclosure
herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof de-
signed to perform the functions described herein. A gen-
eral-purpose processor may be a microprocessor, but in
the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine.
A processor may also be implemented as a combination
of computing devices, e.g., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration.

[0091] The steps of a method or algorithm described
in connection with the disclosure herein may be embod-
ied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software
module may reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, regis-
ters, hard disk, a removable disk, a CD-ROM, or any
other form of storage medium known in the art. An ex-
emplary storage medium is coupled to the processor
such that the processor can read information from, and
write information to, the storage medium. In the alterna-
tive, the storage medium may be integral to the proces-
sor. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in a user terminal. In
the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.
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[0092] Inoneormore exemplary designs, the functions
described may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in
software, the functions may be stored on or transmitted
over as one or more instructions or code on a computer-
readable medium. Computer-readable media includes
both computer storage media and communication media
including any medium that facilitates transfer of a com-
puter program from one place to another. Computer-
readable storage media may be any available media that
can be accessed by a general purpose or special purpose
computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, mag-
netic disk storage or other magnetic storage devices, or
any other medium that can be used to carry or store de-
sired program code means in the form of instructions or
data structures and that can be accessed by a general-
purpose or special-purpose computer, or a general-pur-
pose or special-purpose processor. Also, a connection
may be properly termed a computer-readable medium.
Forexample, if the software is transmitted from a website,
server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, or digital subscriber line (DSL),
then the coaxial cable, fiber optic cable, twisted pair, or
DSL, are included in the definition of medium. Disk and
disc, as used herein, includes compact disc (CD), laser
disc, optical disc, digital versatile disc (DVD), floppy disk
and blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be includ-
ed within the scope of computer-readable media.
[0093] Asused herein, including in the claims, the term
"and/or," when used in a list of two or more items, means
that any one of the listed items can be employed by itself,
or any combination of two or more of the listed items can
be employed. For example, if a composition is described
as containing components A, B, and/or C, the composi-
tion can contain A alone; B alone; C alone; A and B in
combination; A and C in combination; B and C in combi-
nation; or A, B, and C in combination. Also, as used here-
in, including in the claims, "or" as used in a list of items
(for example, a list of items prefaced by a phrase such
as "at least one of" or "one or more of") indicates a dis-
junctive list such that, for example, a list of "at least one
of A, B, or C" means A or B or C or AB or AC or BC or
ABC (i.e., Aand B and C), and any combinations thereof.
[0094] The previous description of the disclosure is
provided to enable any person skilled in the art to make
or use the disclosure. Various modifications to the dis-
closure will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied
to other variations without departing from the scope of
the disclosure. Thus, the disclosure is not intended to be
limited to the examples and designs described herein but
is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.
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Claims
1. A method of wireless communication, comprising:

transmitting (304), by a base station, a set of
conditions that trigger a user equipment, UE, to
transmit a status report to the base station,
wherein the set of conditions includes at least
one non-cellular UE condition including one or
more of:

predicted location of the UE based on one
of: UE mobility or UE calendar information;
level of user interaction with the UE during
a predetermined time window;

predicted level of user interaction with the
UE based on status information locally ac-
cessible by the UE;

proximity to a human identified as a main
user of the UE; or

combinations thereof;

receiving (305), by the base station, the status
report from the UE, wherein the status report
includes one or more of: non-cellular UE infor-
mation and cellular UE information; and
determining (306), by the base station, whether
to select the UE for one or more network man-
agement tasks for network condition manage-
ment based on the status report.

2. The method of claim 1, wherein the status informa-
tion includes one or more of:

alarm information of the UE;

application data from an application running on
the UE;

sensor information from one or more non-cellu-
lar sensors of the UE; and

information received by the UE from another
electronic device associated with the main user.

3. The method of claim 1, further including:

transmitting, by the base station, one or more
requests for network management information
to the UE, wherein the transmitting of the one or
more requests is performed:

in response to a determination to select the
UE for the one or more network tasks; or
along with the transmitting the set of condi-
tions; and

performing, by the base station, network condi-
tion management based, at least in part, on net-
work management information received from
the UE in response to the one or more requests;
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wherein the one or more requests preferably in-
clude requests for one or more of:

radio conditions experienced by the UE;
power measurements of signals received at
the UE from one or more neighboring base
stations;

decoded signals intercepted by the UE from
one or more proximate access points,
wherein the one or more proximate access
points are not in a current neighbor cell list;
interference conditions from one or more
network entities; and

channel conditions in one or more of: one
or more different frequencies, one or more
different bands, or one or more different ra-
dio access technologies;

wherein the one or more requests are pref-
erably transmitted along with the set of con-
ditions, the method further including:

transmitting, by the base station, a trig-
ger signal to the UE based on the status
report, wherein the trigger signal sig-
nals the UE to respond to the one or
more requests; and

performing, by the base station, net-
work condition management based, at
least in part, on network management
information received from the UE in re-
sponse to the one or more requests.

The method of claim 3, further including:

managing, by the base station, communications of
the UE on a network of the base station based on
one or more of: the status report and the network
management information, wherein the managing
communications of the UE includes one or more of:

estimating predicted radio capacity for future UE
communications;

reserving resources in one or more base sta-
tions for the future UE communications;
modifying a neighbor cell list of the UE; and
updating mobility parameters for the UE.

The method of claim 1, further including:
performing, by the base station, network condition
management based on the status report.

The method of claim 1, wherein the network condi-
tion management includes one or more of:

change to a list of available neighbor cells;
modification of transmission characteristics of
one or more neighboring cells;

split of one or more neighboring cells into mul-
tiple cells;
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combination of one or more neighboring cells
into one or more combined cells;

modification of parameters for one of: handover
or cell reselection;

change of an activation status of one or more
neighboring cells based, at least in part, on one
or more of: location and predicted activity of the
one or more neighboring cells;

management of load conditions in one or more
neighboring cells; and

change of an enablement status of direct com-
munication between one or more network enti-
ties using resources shared with network trans-
missions associated with the base station.

The method of claim 1, further including:
transmitting, by the base station, a status report con-
figuration, wherein the status report configuration
identifies one or more specific types of information
to be included in the status report.

The method of claim 1, wherein the set of conditions
further includes one or more cellular UE conditions.

A method of wireless communication, comprising:

receiving (300), at a user equipment, UE, a set
of conditions that trigger the UE to transmit a
status report to a serving base station, wherein
the set of conditions includes at least one non-
cellular UE condition including one or more of:

predicted location of the UE based on one
of: UE mobility or UE calendar information;
level of user interaction with the UE during
a predetermined time window;

predicted level of user interaction with the
UE based on status information locally ac-
cessible by the UE;

proximity to a human identified as a main
user of the UE; or

combinations thereof;

detecting (301), by the UE, one or more of the
set of conditions;

obtaining (302), by the UE, reporting information
for the status report, wherein the reporting infor-
mation includes one or more of: non-cellular UE
information and cellular UE information;
transmitting (303), by the UE, the status report
to the serving base station;

receiving, at the UE, one or more information
requests from the serving base station for net-
work management information; and
transmitting, by the UE, a measurement report
including the network management information
obtained in response to the one or more infor-
mation requests.
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10. The method of claim 9, wherein the status informa-
tion includes one or more of:

alarm information of the UE;

application data from an application running on
the UE;

sensor information from one or more non-cellu-
lar sensors of the UE; and

information received by the UE from another
electronic device associated with the main user.

11. The method of claim 9, wherein the reporting infor-
mation is obtained according to a status report con-
figuration identifying one or more specific types of
information to be included in the status report; and/or
wherein the set of conditions further includes one or
more cellular UE conditions; and/or
wherein the one or more requests include requests
for one or more of:

measuring, by the UE, radio conditions experi-
enced by the UE;

identifying and measuring, by the UE, power re-
ceived from one or more neighboring base sta-
tions;

decoding, by the UE, signals intercepted from
one or more proximate access points, wherein
the one or more proximate access points are not
in a current neighbor cell list;

determining, by the UE, interference conditions
from one or more network entities; and
measuring, by the UE, channel conditions in one
or more of: one or more different frequencies,
one or more different bands, or one or more dif-
ferent radio access technologies.

12. The method of claim 9, further including:

receiving, by the UE, UE configuration informa-
tion from the serving base station, wherein the
UE configuration information is based, at least
in part, on the network management information
included in the measurement report;

wherein the UE configuration information pref-
erably includes one or more of:

an updated neighbor cell list;
updated mobility parameters.

13. Abase station, configured for performing the method
of any one of claims 1-8.

14. A user equipment, configured for performing the
method of any one of claims 9-12.

15. A computer program comprising instructions for im-
plementing the method of any one of claims 1-12.
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32

Patentanspriiche

Ein drahtloses Kommunikationsverfahren, umfas-
send:

Senden (304), durch eine Basisstation, eines
Satzes von Bedingungen, die eine Benutzervor-
richtung, UE, veranlassen, einen Statusbericht
an die Basisstation zu senden, wobei der Satz
von Bedingungen mindestens eine nicht-zellu-
lare UE-Bedingung umfasst, einschlief3lich ei-
ner oder mehrerer von:

vorhergesagter Standort der UE basierend
auf einem von: UE-Mobilitdt oder UE-Ka-
lenderinformationen;
Benutzerinteraktionslevel mit der UE wah-
rend eines vorgegebenen Zeitfensters;
vorausgesagter Benutzerinteraktionslevel
mit der UE auf der Grundlage von Status-
informationen, auf die die UE lokal zugrei-
fen kann;

Nahe zu einem Menschen, der als Haupt-
nutzer der UE identifiziert wurde; oder
Kombinationen davon;

Empfangen (305) des Statusberichts von der
UE durch die Basisstation, wobei der Statusbe-
richt eine oder mehrere der folgenden Informa-
tionen umfasst: nicht-zellulare UE-Informatio-
nen und zellulare UE-Informationen; und
Bestimmen (306) durch die Basisstation, ob die
UE flur eine oder mehrere Netzwerkverwal-
tungsaufgaben fir eine Netzwerkzustandsver-
waltung basierend auf dem Statusbericht aus-
gewahlt werden soll.

2. Das Verfahren nach Anspruch 1, wobei die Status-
informationen eine oder mehrere der folgenden In-
formationen umfassen:

Alarminformationen der UE;
Anwendungsdaten aus einer Anwendung, die
auf der UE lauft;

Sensorinformationen von einem oder mehreren
nicht-zellularen Sensoren der UE; und
Informationen, die die UE von einem anderen
elektronischen Gerat, das dem Hauptbenutzer
zugeordnet ist, empfangt.

Das Verfahren nach Anspruch 1, ferner umfassend:

Senden, durch die Basisstation, einer oder meh-
rerer Anfragen nach Netzwerkmanagement-In-
formationen an die UE, wobei das Senden der
einen oder mehreren Anfragen durchgefiihrt
wird:
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als Reaktion auf ein Bestimmen, die UE fir
die eine oder mehreren Netzwerkaufgaben
auszuwahlen; oder
zusammen mitdem Senden des Satzes von
Bedingungen; und

Durchflihren einer Netzwerkzustandsverwal-
tung durch die Basisstation, zumindest teilweise
basierend auf Netzverwaltungsinformationen,
die von der UE als Antwort auf die eine oder
mehreren Anfragen erhalten wurden;

wobei die eine oder die mehreren Anfragen vor-
zugsweise Anfragen fir eine oder mehrere der
folgenden Informationen umfassen:

Funkbedingungen, welche die UE erfahrt;
Leistungsmessungen von Signalen, die an
der UE von einer oder mehreren benach-
barten Basisstationen empfangen wurden;
decodierte Signale, die von der UE von ei-
nem oder mehreren nahen Zugangspunk-
ten abgefangen werden, wobei sich der ei-
ne oder die mehreren nahen Zugangspunk-
te nicht in einer aktuellen Nachbarzellenlis-
te befinden;

Interferenzbedingungen von einer oder
mehreren Netzwerkeinheiten; und
Kanalbedingungen in einer oder mehreren
von: einer oder mehreren verschiedenen
Frequenzen, einem oder mehreren ver-
schiedenen Bandern oder einer oder meh-
reren verschiedenen Funkzugangstechno-
logien;

wobei die eine oder mehrere Anfragen vor-
zugsweise zusammen mit dem Satz von
Bedingungen Ubertragen werden, wobei
das Verfahren weiterhin umfasst:

Senden eines Triggersignals durch die
Basisstation an die UE basierend auf
dem Statusbericht, wobei das Trigger-
signal der UE signalisiert, auf die eine
oder mehreren Anfragen zu reagieren;
und

Durchfiihren einer Netzwerkzustands-
verwaltung durch die Basisstation, zu-
mindest teilweise basierend auf Netz-
werkverwaltungsinformationen, die
vonder UE als Antwort auf die eine oder
mehreren Anfragen erhalten wurden.

Das Verfahren nach Anspruch 3, ferner umfassend:
Verwalten, durch die Basisstation, von Kommunika-
tionen der UE in einem Netzwerk der Basisstation
basierend auf einem oder mehreren von: dem Sta-
tusbericht und den Netzwerkverwaltungsinformatio-
nen, wobeidas Verwalten von Kommunikationender
UE eines oder mehreres umfasst von:
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Schéatzen einer prognostizierten Funkkapazitat
fur zukiinftige UE-Kommunikationen;
Reservieren von Ressourcen in einer oder meh-
reren Basisstationen fir die zukinftigen UE-
Kommunikationen;

Andern einer Nachbarzellenliste der UE; und
Aktualisieren von Mobilitatsparametern fiir die
UE.

Das Verfahren nach Anspruch 1, ferner umfassend:
Durchfiihren, durch die Basisstation, einer Netz-
werkzustandsverwaltung basierend auf dem Status-
bericht.

Das Verfahren nach Anspruch 1, wobei die Netz-
werkzustandsverwaltung eines oder mehreres um-
fasst von:

Wechseln zu einer Liste von verfligbaren Nach-
barzellen;

Andern von Ubertragungseigenschaften einer
oder mehrerer benachbarter Zellen;

Aufteilen einer oder mehrerer benachbarter Zel-
len in mehrere Zellen;

Kombinieren einer oder mehrerer benachbarter
Zellen zu einer oder mehreren kombinierten Zel-
len;

Andern von Parametern fiir eines von: Hando-
ver oder Zellneuauswahl;

Andern eines Aktivierungsstatus einer oder
mehrerer benachbarter Zellen, zumindest teil-
weise basierend auf einem oder mehreren von:
Ort und vorhergesagter Aktivitat der einen oder
mehreren benachbarten Zellen;

Verwalten von Lastzustdnden in einer oder
mehreren benachbarten Zellen; und

Andern eines Aktivierungsstatus von direkter
Kommunikation zwischen einer oder mehreren
Netzwerkeinheiten unter Verwendung von Res-
sourcen, die mit den der Basisstation zugeord-
neten Netzwerklbertragungen gemeinsam ge-
nutzt werden.

Das Verfahren nach Anspruch 1, ferner umfassend:
Senden einer Statusberichtskonfiguration durch die
Basisstation, wobei die Statusberichtskonfiguration
eine oder mehrere spezifische Arten von Informati-
onenidentifiziert, die in den Statusbericht aufgenom-
men werden sollen.

Das Verfahren nach Anspruch 1, wobei der Satz von
Bedingungen ferner eine oder mehrere zellulare UE-

Bedingungen umfasst.

Ein drahtloses Kommunikationsverfahren, umfas-
send:

Empfangen (300), an einer Benutzervorrich-
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tung, UE, eines Satzes von Bedingungen, die
die UE veranlassen, einen Statusbericht an eine
bedienende Basisstation zu senden, wobei der
Satz von Bedingungen mindestens eine nicht-
zellulare UE-Bedingung umfasst, einschliel3lich
einer oder mehrerer von:

vorhergesagter Standort der UE basierend
auf einem von: UE-Mobilitdt oder UE-Ka-
lenderinformationen;
Benutzerinteraktionslevel mit der UE wah-
rend eines vorgegebenen Zeitfensters;
vorausgesagter Benutzerinteraktionslevel
mit der UE auf der Grundlage von Status-
informationen, auf die die UE lokal zugrei-
fen kann;

Nahe zu einem Menschen, der als Haupt-
nutzer der UE identifiziert wurde; oder
Kombinationen davon;

Erfassen (301) einer oder mehrerer Bedingun-
gen aus dem Satz von Bedingungen durch die
UE;

Erhalten (302), durch die UE, von Berichtsinfor-
mationen flr den Statusbericht, wobei die Be-
richtsinformationen eine oder mehreres umfas-
sen von: nicht-zellularen UE-Informationen und
zellularen UE-Informationen;

Senden (303), durch die UE, des Statusberichts
an die bedienende Basisstation;

Empfangen, an der UE, einer oder mehrerer In-
formationsanfragen von der bedienenden Ba-
sisstation fur Netzwerkverwaltungsinformatio-
nen; und

Ubermitteln eines Messberichts durch die UE,
der die als Reaktion auf die eine oder mehreren
Informationsanfragen erhaltenen Netzwerkver-
waltungsinformationen enthalt.

10. Das Verfahren nach Anspruch 9, wobei die Status-

informationen eines oder mehreres umfassen von:

Alarminformationen der UE;
Anwendungsdaten aus einer Anwendung, die
auf der UE lauft;

Sensorinformationen von einem oder mehreren
nicht-zelluldaren Sensoren der UE; und
Informationen, die die UE von einem anderen
elektronischen Gerat erhalt, das dem Hauptbe-
nutzer zugeordnet ist.

11. Das Verfahren nach Anspruch 9, wobei die Bericht-

sinformationen gemaR einer Statusberichtskonfigu-
ration erhalten werden, die eine oder mehrere spe-
zifische Arten von Informationen identifiziert, die in
den Statusbericht aufzunehmen sind; und/oder

wobei der Satz von Bedingungen weiterhin eine oder
mehrere  zelluldare UE-Bedingungen enthalt;
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12.

13.

14.

15.

36

und/oder
wobeidie eine oder die mehreren Anfragen Anfragen
umfassen fur eines oder mehreres von:

Messen, durch die UE, von Funkbedingungen,
die von der UE erfahren werden;

Identifizieren und Messen einer von einer oder
mehreren benachbarten Basisstationen emp-
fangenen Leistung durch die UE;

Dekodieren von Signalen durch die UE, die von
einem oder mehreren nahen Zugangspunkten
abgefangen werden, wobei sich der eine oder
die mehreren nahen Zugangspunkte nicht in ei-
ner aktuellen Nachbarzellenliste befinden;
Bestimmen von Interferenzbedingungen von ei-
ner oder mehreren Netzwerkeinheiten durch die
UE; und

Messen von Kanalbedingungen durch die UE in
einer oder mehreren von: einer oder mehreren
verschiedenen Frequenzen, einem oder meh-
reren verschiedenen Bandern oder einer oder
mehreren verschiedenen Funkzugangstechno-
logien.

Das Verfahren nach Anspruch 9, ferner umfassend:

Empfangen von UE-Konfigurationsinformatio-
nen von der bedienenden Basisstation durch die
UE, wobei die UE-Konfigurationsinformationen
zumindest teilweise auf den im Messbericht ent-
haltenen Netzwerkverwaltungsinformationen
basieren;

wobei die UE-Konfigurationsinformationen vor-
zugsweise eines oder mehreres umfassen von:

eine aktualisierte Nachbarzellenliste;
aktualisierte Mobilitdtsparameter.

Eine Basisstation, die zum Durchfiihren des Verfah-
rens nach einem der Anspriiche 1-8 konfiguriert ist.

Eine Benutzervorrichtung, die zum Durchflihren des
Verfahrens nach einem der Anspriiche 9-12 konfi-
guriert ist.

Ein Computerprogramm mit Anweisungen zum Im-
plementieren des Verfahrens nach einem der An-
spriiche 1-12.

Revendications

1.

Procédé de communication sans fil, comprenant :

la transmission (304), par une station de base,
d’un ensemble de conditions qui déclenchent la
transmission par un équipement utilisateur, UE,
d’'un rapport d’état a la station de base, dans
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lequel 'ensemble de conditions inclut au moins
une condition d’'UE non cellulaire incluant un ou
plusieurs parmi :

un emplacement préditde 'UE surla base d’'une
parmi :

une mobilité d'UE ou des informations de
calendrier d’'UE ;

un niveau d’interaction d’utilisateur avec
TUE durant une fenétre de temps
prédéterminée ;

un niveau prédit d’interaction d’utilisateur
avec I'UE sur la base d’informations d’état
accessibles localement par 'UE ;

une proximité avec une personne identifiée
comme étant un utilisateur principal de
I'UE ; ou

des combinaisons de ceux-ci ;

la réception (305), par la station de base, du
rapport d’état a partir de 'UE, dans lequel le rap-
port d’état inclut une ou plusieurs parmi : des
informations d’UE non cellulaire et des informa-
tions d’'UE cellulaire ; et

la détermination (306), par la station de base,
de sélectionner ou non I'UE pour une ou plu-
sieurs taches de gestion de réseau pour une
gestion de conditions de réseau sur la base du
rapport d’état.

2. Procédé selon la revendication 1, dans lequel les
informations d’état incluent une ou plusieurs parmi :

des informations d’alarme de 'UE ;

des données d’application provenant d’'une ap-
plication exécutée sur I'UE ;

des informations de capteur provenant d’'un ou
plusieurs capteurs non cellulaires de 'UE ; et
des informations regues par I'UE a partir d’'un
autre dispositif électronique associé a I'utilisa-
teur principal.

Procédé selon la revendication 1, incluant en outre :

la transmission, par la station de base, d’'une ou
plusieurs demandes d’informations de gestion
de réseau a 'UE, dans lequel la transmission
des une ou plusieurs demandes est effectuée :

en réponse a une détermination de sélec-
tionner 'UE pour les une ou plusieurs ta-
ches de réseau ; ou

conjointement ala transmissionde I'ensem-
ble de conditions ; et

I'exécution, par la station de base, d’une gestion
de conditions de réseau sur la base, au moins
en partie, d’informations de gestion de réseau
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regues a partir de 'UE en réponse aux une ou
plusieurs demandes ;

dans lequel les une ou plusieurs demandes in-
cluent de préférence des demandes pour un ou
plusieurs parmi :

des conditions radio rencontrées par 'UE ;
des mesures de puissance de signaux re-
cus au niveau de I'UE a partir d’'une ou plu-
sieurs stations de base voisines ;

des signaux décodés interceptés par I'UE
a partir d'un ou plusieurs points d’acces a
proximité, dans lequel les un ou plusieurs
points d’accés a proximité ne sont pas dans
une liste actuelle de cellules voisines ;

des conditions d’interférence a partir d’'une
ou plusieurs entités de réseau ; et

des conditions de canal dans une ou plu-
sieurs parmi : une ou plusieurs fréquences
différentes, une ou plusieurs bandes diffé-
rentes ou une ou plusieurs technologies
d’acceés radio différentes ;

dans lequel les une ou plusieurs demandes
sont de préférence transmises conjointe-
mental'ensemble de conditions, le procédé
incluant en outre :

la transmission, par la station de base,
d’'un signal de déclenchement a 'UE
sur la base du rapport d’état, dans le-
quel le signal de déclenchement signa-
le a 'UE de répondre aux une ou plu-
sieurs demandes ; et

I'exécution, par la station de base,
d’une gestion de conditions de réseau
sur la base, au moins en partie,
d’'informations de gestion de réseau re-
cues a partir de I'UE en réponse aux
une ou plusieurs demandes.

Procédé selon larevendication 3, incluant en outre :
lagestion, par la station de base, de communications
de 'UE sur un réseau de la station de base sur la
base d’un ou plusieurs parmi : le rapport d’état et les
informations de gestion de réseau, dans lequel la
gestion de communications de I'UE inclut une ou plu-
sieurs parmi :

I'estimation d’une capacité radio prédite pour de
futures communications d’'UE ;

la réservation de ressources dans une ou plu-
sieurs stations de base pour les futures commu-
nications d'UE ;

la modification d’une liste de cellules voisines
de 'UE ; et

la mise a jour de paramétres de mobilité pour
'UE.
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Procédé selon la revendication 1, incluant en outre :
I'exécution, par la station de base, d’'une gestion de
conditions de réseau sur la base du rapport d’état.

Procédé selon larevendication 1, dans lequel la ges-
tion de conditions de réseau inclut un ou plusieurs
parmi :

un changement apporté a une liste de cellules
voisines disponibles ;

une modification de caractéristiques de trans-
mission d’une ou plusieurs cellules voisines ;
une division d’une ou plusieurs cellules voisines
en multiples cellules ;

une combinaisond’une ou plusieurs cellules voi-
sines en une ou plusieurs cellules combinées ;
une modification de paramétres pour un parmi :
un transfert ou une resélection de cellules ;

un changement d’état d’activation d’'une ou plu-
sieurs cellules voisines sur la base, au moins en
partie, d’un ou plusieurs parmi: un emplace-
ment et une activité prédite des une ou plusieurs
cellules voisines ;

une gestion de conditions de charge dans une
ou plusieurs cellules voisines ; et

un changement d'un état d’habilitation d'une
communication directe entre une ou plusieurs
entités de réseau en utilisant des ressources
partagées avec des transmissions de réseau
associées a la station de base.

Procédé selon la revendication 1, incluant en outre :
la transmission, par la station de base, d’'une confi-
guration de rapport d’état, dans lequel la configura-
tion de rapport d’état identifie un ou plusieurs types
spécifiques d’informations a inclure dans le rapport
d’état.

Procédé selon la revendication 1, dans lequel I'en-
semble de conditions inclut en outre une ou plusieurs
conditions d’'UE cellulaire.

Procédé de communication sans fil, comprenant :

la réception (300), au niveau d’un équipement
utilisateur, UE, d’'un ensemble de conditions qui
déclenchent la transmission par 'UE d’un rap-
port d’état a une station de base de desserte,
dans lequel 'ensemble de conditions inclut au
moins une condition d’UE non cellulaire incluant
un ou plusieurs parmi :

un emplacement prédit de I'UE sur la base
d’'une parmi :

une mobilité d’UE ou des informations
de calendrier d’'UE ;
un niveau d’interaction d’utilisateur
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avec I'UE durant une fenétre de temps
prédéterminée ;

un niveau prédit d’interaction d'utilisa-
teur avec 'UE sur la base d’informa-
tions d’état accessibles localement par
I'UE;

une proximité avec une personne iden-
tifite comme étant un utilisateur princi-
pal de I'UE ; ou

des combinaisons de ceux-ci ;

la détection (301), par I'UE, d’une ou plusieurs
de I'ensemble de conditions ;

I'obtention (302), par I'UE, d’informations de
rapport pour le rapport d’état, dans lequel les
informations de rapport incluent une ou plu-
sieurs parmi : des informations d’UE non cellu-
laire et des informations d’'UE cellulaire ;

la transmission (303), par I'UE, du rapport d’état
a la station de base de desserte ;

laréception, parl'lUE, d’'une ou plusieurs deman-
des d’informations a partir de la station de base
de desserte pour des informations de gestion
de réseau ; et

latransmission, par 'UE, d’un rapport de mesu-
reincluantles informations de gestion de réseau
obtenues en réponse aux une ou plusieurs de-
mandes d’informations.

10. Procédé selon la revendication 9, dans lequel les

informations d’état incluent une ou plusieurs parmi :

des informations d’alarme de I'UE ;

des données d’application provenant d’'une ap-
plication exécutée sur 'UE ;

des informations de capteur provenant d’'un ou
plusieurs capteurs non cellulaires de I'UE ; et
des informations regues par I'UE a partir d’'un
autre dispositif électronique associé a I'utilisa-
teur principal.

11. Procédé selon la revendication 9, dans lequel les

informations de rapport sont obtenues en fonction
d’'une configuration de rapport d’état identifiant un
ou plusieurs types spécifiques d’'informations a in-
clure dans le rapport d’état ; et/ou

dans lequel 'ensemble de conditions inclut en outre
une ou plusieurs conditions d’'UE cellulaire ; et/ou
dans lequel les une ou plusieurs demandes incluent
des demandes pour un ou plusieurs parmi :

lamesure, par I'UE, de conditions radio rencon-
trées par 'UE ;

I'identification et la mesure, par I'UE, d’'une puis-
sance regue a partir d’'une ou plusieurs stations
de base voisines ;

le décodage, par I'UE, de signaux interceptés a
partir d’'un ou plusieurs points d’acces a proxi-
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mité, dans lequel les un ou plusieurs points d’ac-

cés a proximité ne sont pas dans une liste ac-
tuelle de cellules voisines ;

la détermination, par 'UE, de conditions d’inter-
férence a partir d'une ou plusieurs entités de %
réseau ; et

la mesure, par I'UE, de conditions de canal dans
une ou plusieurs parmi: une ou plusieurs fré-
quences différentes, une ou plusieurs bandes
différentes ou une ou plusieurs technologies 170
d’accés radio différentes.

12. Procédé selon la revendication 9, incluant en outre :

la réception, par I'UE, d’informations de confi- 75
guration d’'UE a partir de la station de base de
desserte, dans lequel les informations de confi-
guration d’'UE sont basées, au moins en partie,

sur les informations de gestion de réseau inclu-

ses dans le rapport de mesure ; 20
dans lequel les informations de configuration
d’UE incluent de préférence un ou plusieurs
parmi :

une liste de cellules voisines mise a jour; 25
des paramétres de mobilité mis a jour.

13. Station de base, configurée pour mettre en oeuvre

le procédé selon 'une des revendications 1 a 8.
30

14. Equipement utilisateur, configuré pour mettre en
oeuvre le procédé selon I'une des revendications 9
a12.

15. Programme informatique comprenant des instruc- 35
tions pour implémenter le procédé selon I'une des
revendications 1 a 12.
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